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We review the linkages between food security, nutrition and wildlife conservation in the early 21st 
century. Declines in wildlife populations and habitats have occurred in parallel with increasing human 
population and the global emergence of the double burden of under- and over-nutrition. Nutrition- 
sensitive landscapes and nutrition- and gender-sensitive value chains are key to delivering optimal 
food and nutrition security and environmental outcomes. Neglected or underutilized crops and 
sustainable harvest of wild food have the potential to play a number of roles in the improvement of 
food security that include being: (a) a way to reduce the risk of over-reliance on very limited numbers 
of major crops and animals; (b) a way to increase sustainability of agriculture through a reduction in 
the carbon footprint of agriculture and maintenance of biodiversity; (c) a contribution to food quality; 
and (d) a way to preserve and celebrate cultural and dietary diversity. Dietary diversity and reduced 
greenhouse gas emissions per kilogram of animal-source food produced can be promoted through the 
consumption of all edible parts of the carcass, including highly nutritious offal. We argue that adopting 
a nutrition-sensitive landscape approach would improve consumer understanding of food systems, 
nutrient cycles, ecosystems services and potentially linkages between dietary diversity and biodiversity. 
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Introduction 

Homo sapiens evolved in parallel with species that 
adapted to and exploited the emerging grasslands of 
Africa (Kock et al. 2011); they fed off each other, in 
both an evolutionary and real sense. Humans learned 
to develop and use tools, with which to hunt herbivores 
whilst successfully defending against predators, and this 
gave them a competitive advantage and they proliferated. 
Wild or non^ cultivated, nom domesticated species of 
both plants and animals, were critical to our species’ 
nutritional health and growth (Milton 2003). During 
the past 10,000 years, the growing human population 
has been further sustained through the domestication 
of various animal species and the development of 
agricultural systems, as well as by continued hunting, 
fishing and foraging (Kock et al 2011). The transition 
from hunting and gathering to farming has led to a 
narrowing of human diets, reducing diversity and 
impacting negatively on human nutrition (Turk 
2013). The unprecedented global increase in human 
population over the past century has been underpinned 
by technological advances in agriculture, medicine and 
sanitation which has sustained the growth but it has 
been accompanied by increasing impact on ecosystems 
(Kock et al 2011). Interdisciplinary research focusing on 
the intersection of humans, animals and environmental 
conditions has risen to prominence during the past two 
decades. This has been in response to complex issues as 


varied as (i) highly pathogenic avian influenza, which 
connects humans, poultry management, and wild 
birds (Rapport 2006); (ii) biodiversity decline due 
to human induced land use changes and habitat loss 
(Kock et al 2011); (iii) poaching and consumption 
of ‘bush meat’ (a common descriptor for wild nom 
domesticated animal species hunted for food), linked to 
population pressures, a lack of livelihood opportunities, 
and infectious disease (Alders 2009); and (iv) nom 
communicable diseases resulting from modern food 
systems that deliver food with supernormal stimuli 
that is of poor nutritional value (WHO 2002). These 
interdisciplinary endeavors have been given a range of 
names over the years including: 

• One Health - an integrative effort of multiple 
disciplines working locally, nationally, and globally 
to attain optimal health for people, animals, and the 
environment (AVMA 2008); 

• Conservation Medicine - an interdisciplinary field 
with a strong focus on the integrity of ecosystems 
(Alders 2009); 

• EcoHealth - a movement that recognizes that ‘health 
and welbbeing are the result of complex and dynamic 
interactions between determinants, and between 
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people, social and economic conditions, and ecosystems’ 
(Charron 2012); and most recently 

• Planetary Health - which aims to safeguard human 
health and the natural systems that underpin it 
(Rockefeller Foundation 2015). 

Here we review the linkages between food security, nutrition 
and wildlife conservation in the early 21 st century and argue 
that adopting a nutrition-sensitive landscape approach 
would improve consumer understanding of food systems, 
nutrient cycles, ecosystems services and potentially link 
dietary diversity with recovering biodiversity. 

Overview of food and nutrition 
security in the new millennium 

Food and nutrition security has been defined as 
‘when all people at all times have physical, social 
and economic access to food, which is consumed in 
sufficient quantity and quality to meet their dietary 
needs and food preferences, and is supported by an 
environment of adequate sanitation, health services 
and care, allowing for a healthy and active life’ (CWFS 
2012). Despite increases in agricultural production 
over the past two decades, malnutrition rates have not 
diminished significantly with undernutrition remaining 
a significant problem in many low-income countries and 
over nutrition becoming a major issue globally (Glopan 
2014). These trends are reflected statistically with 
200 million children under the age of five classified as 
having stunted growth due to chronic undernutrition, 
or wasting due to acute undernutrition; two billion 
people suffering physical and cognitive effects resulting 
from a lack of essential vitamins and minerals in their 
diets; and 2.1 billion people who are overweight or 
obese (Glopan 2014; Ng et al . 2014). Specific examples 
of unacceptably high stunting in children under 5 years 
of age include Indonesia where it remains over 30%, 
Papua New Guinea, Tanzania and Zambia where it 
affects over 40% and Timor-Leste where over 50% of 
children are affected (Alders, et al 2014; DFAT 2015). 
These figures are in stark contrast to a high-income 
country such as Australia where in 2014H5, 63.4% of 
Australians aged 18 years and over were overweight or 
obese (35.5% overweight and 27.9% obese; ABS 2016). 
Crucially, these overweight and obese people frequently 
also suffer paradoxical nutritional deficiency from 
eating high-energy foods with poor nutrient content 
(Markovic and Natoli 2009). Changes are also evident 
in the human microbiome, particularly in the intestinal 
tract, due to ‘modern’ diets, which is now associated 
with a growing number of novel diseases and syndromes 
(Cho and Blasser 2012; Wu et al 2011). 

High levels of undernutrition, lack of education 
among adult women (who frequently play a key role in 
agricultural production, feeding of the household and 


care of children and sick people) and gender inequality 
have also shown a strong positive association with the 
prevalence of child undernutrition (Ivers and Cullen 
2011). Malnutrition impacts on the life of the individual, 
their households and wider communities because of its 
cumulative and intergenerational (epi-genetic) impacts 
(Kaput 2010). The World Bank has estimated that 11% of 
gross national product in Africa and Asia is lost annually 
due to malnutrition (World Bank 2013). In terms of over 
nutrition, in Australia alone, the cost of overweight and 
obesity in 2005 was an overall total annual cost of AUD 
56.6 billion (Colagiuri et al 2010). 

Nutrition-sensitive landscapes (Bioversity International 
2014) and nutrition-sensitive value chains (Hawkes and 
Ruel 2012) are key to delivering optimal food and nutrition 
security and environmental outcomes. A nutrition-sensitive 
landscape approach considers the diverse interactions and 
interconnectivity within a given landscape to optimize the 
multiple goals of food and nutrition security, sustainable 
use of natural resources and conservation of biodiversity, 
both for human health, as well as environmental health 
(Bioversity International 2014). In order to provision 
people of all ages and sex with optimal nutrition in an 
equitable manner, specifically designed food systems and 
value chains that address the different needs of individuals 
from crib to grave is required. Nutrition and gender sensitive 
value chains should be responsive to the nutritional needs 
and gender equity issues of the actors within it (from male 
and female farmers, to processors and distributors) and the 
consumers it supplies while at the same time delivering food 
with a high ‘cost-to-nutritional benefit’ ratio (Alders et al 
2016; Hawkes and Ruel 2012). 

In addition, given the current concerns over loss of food 
diversity, mobilization of neglected or underutilized crops 
and sustainable harvest of wild food (Figure 1) have 
the potential to improve food security by: (a) reducing 



Figure I. An ntika (Mastomys notalensis) being weighed 
in Zambia as part of a study on dietary diversity Field 
rodents are hunted and consumed in many parts of Sub- 
Saharan Africa. (Photo: Elasto Zulu, UNZA). 
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the risk of ovenreliance on very limited numbers of 
major crops and animals; (b) increasing sustainability 
of agriculture through a reduction in inputs, such 
as fossil fueb derived nitrogen fertilizers and fuel for 
agriculture, given the risks of the carbon footprint of 
agriculture on climate change and the transition to 
a post peak'oil world; (c) increasing food quality; (d) 
preserving and celebrating cultural and dietary diversity; 
and (e) helping restore equilibria in the environment 
between microbial, vertebrate and invertebrate life 
with increasing pollinator resilience and a reduction in 
emerging crop and animal pathogens (UNEP GEO 6 
2016; Wallace et al 2014). However, it should be noted 
that globally, current bush meat (Mayes et al 2011) and, 
most probably, wild fish harvesting and consumption 
are ungoverned and unsustainable; this will need to be 
addressed. With respect to fish, artisanal small scale and 
diverse wild fisheries have significant nutritional benefits 
and low wastage profiles whilst factory ships cause havoc 
(Love et al 2015; Kittinger et al 2015). The potential 
benefits of diverse vertebrate and invertebrate food 
are also being reassessed (Yen 2009) in terms of dietary 
diversity and nutritional value as well as in terms of 
reduced animal health and agricultural input costs (van 
Huis 2013). If these sources of food are brought more 
firmly under mainstream food systems with stronger 
governance, there is no reason why they could not be 
a key component of new cyclical economies which are 
based on renewable or recycled resources. Finally, with 
respect to animabsource food, dietary diversity can be 
promoted through the consumption of all edible parts 
of the carcass, including offal (Alders 2016). Offal such 
as liver, provide an excellent source of bioavailable 
micronutrients such as haem iron (de Bruyn et al 
2015; Randolph et al 2007). In relation to ruminant 
production, the efficient use of their carcass reduces the 
agricultural greenhouse gas emissions per kilogram of 
food produced (Wingett et al 2016). 

The food and nutrition security - 
wildlife conservation nexus 

In many low- to middle'income countries in sub'Saharan 
Africa, expanding human populations have resulted in 
significant numbers of vulnerable people living near 
protected wildlife populations (Alders 2009). Some of 
these human populations have been dependent on wild 
animals and plants for their basic nutrition for millennia, 
living in relative harmony without negatively affecting 
the overall balance of biodiversity ' the best example of 
these are the Mbendjele Yaka pygmies communities of 
the Congo Basin (Lewis 2002). Subsistence bush meat 
hunting, which makes up a significant proportion of 
poaching, is attributed primarily to a lack of sufficient 
alternative sources of protein and income, and can be 
equated to millions of tons of food (Fa et al, 2001) and 
is not always detrimental to the source populations 
where the activities are, in essence, non'commercial 


(Wilkie & Carpenter, 1999). There are several wildlife 
species, such as rodents, which continue to be hunted 
and consumed in many parts of Sub'Saharan Africa 
(Ackland 2014) without necessarily threatening these 
populations. From a dietary perspective, meat from wild 
animals is low in fat and high in essential amino acids, 
vitamins and minerals (Ntiamoa'Baidu 1997; Wang et al 
2009). In Western literature on the African continent, it 
is implied that bush meat harvest is illegal (Brashares et 
al 2011) and so the term is limited to species considered 
worthy of conservation. The alternative and dominant 
development paradigm is to convert land to agriculture 
as the solution to the food security challenge but, in the 
end this is a short'term partial solution for human needs 
and is unsustainable if the earth is to retain selLrenewing 
ecologies (Butler et al 2007; Foley 2011; Kock et al 2012). 
However, as economic and agricultural development 
leads to increased forest clearance and human settlement, 
conflict between incoming farmers and indigenous peoples 
and wildlife increases. These ‘developed’ communities, 
when they come adjacent to national parks and other 
wildlife conservation areas, unlike indigenous groups, 
often hunt wildlife unsustainably, a practice that has had 
severe impacts on wildlife populations globally (Milnen 
Gulland and Bennett, 2003). 

‘Golden et al. (2011) studied the impact of wildlife depletion 
on human health in rural northeastern Madagascar and 
demonstrated that consuming more wildlife (Figure 2) 
was associated with significantly higher haemoglobin 
concentrations.’ The empirical models developed by 
Golden et al (2011) demonstrated that removing access to 
wildlife would induce significant increase in the numbers of 
children suffering from anaemia. As anaemia is understood 
to predispose individuals to future disease, this study 
demonstrated the powerful and fanreaching effects of lost 
wildlife access on a variety of human health outcomes, 



Figure 2. Lemur conservation is a priority in Madagascar 
Research by Golden et al. (201 I) revealed higher 
haemoglobin levels in households involved with hunting 
wild animals suggesting both direct and indirect benefits of 
hunting to household food and nutrition security (Photo: 
Robyn Alders, USyd) 
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including cognitive, motor, and physical deficits. Golden et 
al (2011) revealed that in the Makira Protected Area (MPA) 
reduced access to wild food induces a 30 percent relative 
increase in the prevalence of anaemia in pre-adolescent 
children. This research in Madagascar also determined 
that: wildlife hunting is occurring at an unsustainable rate 
in the MPA; whilst there are no alternatives to wildlife, 
which is an important source of nutrition for local people 
of the MPA, this situation will only deteriorate; alternative 
protein sources such as chickens (and other poultry) are a 
preferred food; chickens are not a secure food item due to 
disease outbreaks; and improving chicken health primarily 
through vaccination against Newcastle disease may lead to 
decreased hunting and overall improvement in household 
nutrition and income (Alders et al 2012). 

The sustainable control of Newcastle disease in village 
chickens (Figure 3) has led to significant increases in 
household flock sizes and consumption and decreased 
bushmeat consumption (Alders et al 2010). An evaluation 
of two programs which promoted the vaccination of 
village chickens against Newcastle disease in southern 
Africa (one run by Community Markets for Conservation 
[COMACO] in Mambwe district, Zambia and another by 
the Department of Veterinary Services and the Kyeema 
Foundation nearby the Limpopo National Park in Gaza 
Province, Mozambique) revealed significantly higher flock 
sizes in vaccinating households (Swisher et al 2010). 
COMACO promotes household, agricultural and ecological 
resilience along two strategic lines: improving recovery 
from shocks (mitigation) and reducing the risk of shock 
occurrence. A subsequent review of two of COMACO’s 
poultry interventions suggested that addressing health and 
management constraints within the existing village poultry 
system resulted in significantly improved productivity and 
profitability (Dumas et al 2016). 

Many vulnerable rural households in southern Africa rely 
on village chickens for food, fertilizer, pest control, and other 
family needs (Alders and Pym 2009; de Bruyn et al 2015). 
Contrary to findings in Ethiopia based on interrogation of 
a cross-sectional questionnaire database which suggested 
that overly close exposure to poultry poses a concurrent 
risk factor for undemutrition (Headey and Kirvonen 2016), 
in a two-year, longitudinal study in central Tanzania, rural 
households raising village chickens were found to have 
significantly lower rates of stunting in children under 2 
years of age than households without village chickens (de 
Bruyn et al 2016). The same study in central Tanzania 
found no significant relationship between stunting in 
children and household size, gender of the household head, 
level of maternal education, socioeconomic status, or cattle 
and small ruminant ownership. Separate analysis found no 
association of diarrhoea in children with chicken ownership, 
or with the practice of keeping chickens within human 
dwellings overnight. These findings support the potential 
of poultry-based interventions to improve nutrition in 


resource-poor settings. In rural households affected by 
HIV/AIDS, village poultry play a particularly important 
role because they provide a source of high quality nutrition 
and income without requiring much in the way of labour or 
financial inputs (Alders and Pym 2009). A further benefit 
rarely reported in literature is the conservation effect of 
keeping poultry. For example, in Tanzania, households 
raising small domestic livestock are less likely to participate 
in bush meat hunting (Loibooki et al 2002) therefore 
securing the natural resource base which can also benefit 
communities at times of food shortage. 


Conclusions 


As we move forward, it is essential that the agriculture, 
education, health, natural resources and infrastructure 
sectors work together closely to ensure that food is 
produced, harvested and utilised optimally, effectively and 
safely. This is a shift away from the production paradigm 
where quantity and efficiency of production is a priority 
and, which does not consider the costs to non-human 
aspects of the process and externalities in general. It is this 
shift, which includes a strong focus on nutrient profiles 
and densities, that can be defined as a nutrition-sensitive 
landscape approach. A benefit of this approach is a 
heightened awareness of the importance of the ecological 
systems that underpin food and nutrition security. 


Adequately and sustainably nourishing nine billion people 
by 2050 will involve direct action from the level of the soil 
to the plate. An Ecohealth approach (Charron 2012) to 
the production/harvest of sustainable, nutritious, ethical 
and safe food delivered with minimal waste will promote 
improvements to human, animal and environmental health. 


$ 



Figure 3: Village chicken health and production 
is significantly increased by vaccinating them against 
Newcastle disease (ND).Vaccination programs, employing 
thermotolerant ND vaccine administered via eye drop, 
implemented in collaboration with community vaccinators 
and cost-sharing with the community are key elements of 
sustainable ND control programs. (Photo: Robyn Alders, 
Kyeema Foundation) 
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